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URANIUM   FROM   THE   CHATTANOOGA   SHALE 

Some  Problems  Involved  in  Development 

by 

P.  H.  Mutschler,^  J.  J.  Hill,^ 
and  B.  B.  Williams^ 


ABSTRACT 

The  Bureau  of  Mines  studied  the  Chattanooga  Shale  to  determine  the 
quantity  and  quality  of  the  uranium  resources  present  and  to  assess  specific 
environmental  effects  of  mining  the  shale . 

Geologic  data  and  chemical  analyses,  mainly  concerning  a  12 -county  area 
of  Tennessee,  were  compiled  from  previous  published  and  unpublished  reports. 
Uranium  resources  in  the  Gassaway  Member  of  the  Chattanooga  Shale  in  this 
12-county  area  were  estimated  to  be  between  4.2  and  5.1  million  tons,  con- 
tained in  76  to  91  billion  tons  of  shale.   These  figures  represent  inground 
tonnages  and  do  not  allow  for  mining  or  processing  losses.   Depending  upon 
efficiency  of  mining  and  processing  systems,  enough  uranium  could  be  available 
to  satisfy  a  large  part  of  the  cumulative  domestic  and  world  demand  through 
the  year  2000. 

A  model  was  developed  v^ich  assesses  the  total  tons  or  acres  of  shale  to 
be  mined  if  the  Gassaway  Member  were  to  satisfy  1  percent  of  the  United  States 
demand  for  uranium  in  1991.   This  partially  demonstrates  the  environmental 
impact  of  mining  the  shale  and  is  easily  factorable  to  any  specified  demand. 

INTRODUCTION 

The  Chattanooga  Shale,  a  low-grade  source  of  uranium,  is  a  unit  off 
uraniferous  black  marine  shale  that  extends  with  fairly  uniform  thickness  and 
lithology  over  a  large  area  in  the  East  Central  United  States.  Although  the 
uranium  content  of  the  shale  is  low  in  comparison  with  high-grade  western 
sandstone  deposits,  reserves  of -the  higher  grade  ores  are  diminishing.   Con- 
sequently, the  Chattanooga  Shale  which  contains  the  largest  known  source  of 
uranium  in  the  United  States  is  receiving  increased  attention. 

The  Federal  Bureau  of  Mines  has  a  mandated  interest  in  the  conservation 
and  utilization  of  energy.   Uranium  as  a  fuel  for  powerplants  is  projected  to 
be  in  short  supply  due  to  significant  increases  in  future  demand. 

■••Industry  economist. 
^Geologist. 


This  study  was  done  at  the  request  of  Salt  Lake  City  Metallurgical 
Research  Center,  Bureau  of  Mines,  and  investigates  the  impact  that  the 
Chattanooga  Shale  could  have  in  partially  alleviating  future  domestic  uranium 
supply  problems  along  with  defining  areas  for  needed  future  work  on  the  shale. 

Data  from  previous  field  studies  pertaining  to  the  reserve  potential  of 
the  shale  have  been  aggregated  and  the  locations  for  which  a  mean  uranium 
content  can  be  determined  have  been  plotted  on  maps  within  this  report. 
Experts  from  mining  companies,  universities,  and  State  and  Federal  agencies 
were  interviewed  to  assess  their  impressions  of  the  potential  impact  mining 
the  Chattanooga  Shale  would  have  on  uranium  supply  and  the  environment. 

Generally,  analytical  data  developed  for  previous  reports,  both  published 
and  unpublished,  were  from  reconnaissance  investigations  over  broad  areas  or 
in-depth  analyses  of  specific  areas.   This  report  attempts  to  collectively 
appraise  all  previously  generated  analytical  data  on  the  Chattanooga  Shale  for 
for  an  area  in  Kentucky,  Tennessee,  Alabama,  and  Georgia. 
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AREA  OF  STUDY 

This  report  examines  an  area  encompassing  approximately  35,000  square 
miles  in  south-central  Kentucky,  central  Tennessee,  northeastern  Alabama,  and 
northwestern  Georgia  (fig-  1).  Areal  boundaries  have  been  established  to 
define  the  limits  of  concentrated  geologic  and  engineering  data  available  on 
the  Chattanooga  Shale.   These  data  result  from  field  investigations  conducted 
from  1944  through  1959  mainly  by  the  U.S.  Geological  Survey,  the  Federal 
Bureau  of  Mines,  and  the  University  of  Tennessee. 

PREVIOUS  INVESTIGATIONS 

Reconnaissance  investigations  of  the  Chattanooga  Shale  for  uranium  were 
first  conducted  in  1944  by  the  U.S.  Geological  Survey  for  the  Manhattan 
Engineer  District  (12,  _16).^  Radiometric  readings  supplemented  by  a  few 
chemical  assays  were  used  to  determine  the  uranium  content  of  scattered  black 
shale  outcrops  within  Tennessee,  Kentucky,  Ohio,  and  Indiana.   Knowledge 
gained  from  these  preliminary  studies  indicated  the  Chattanooga  Shale  was  more 
radioactive  than  other  rocks  existing  in  much  of  the  Eastern  and  Central 
United  States. 

^Underlined  numbers  in  parentheses  refer  to  items  in  the  list  of  references  on 
p.  38  of  this  report. 
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FIGURE  1.  -  Chattanooga  Shale  study  areoc 


In  1947,  at  the  request  and  with  the  support  of  the  Atomic  Energy  Com- 
mission (AEC) ,  now  the  Energy  Research  and  Development  Administration  (ERDA) , 
the  U.S.  Geological  Survey  began  intensive  field  investigations  of  the 
Chattanooga  Shale.   This  program  was  designed  to  develop  more  precise  infor- 
mation with  detailed  geologic  study  and  chemical  assay  determinations.   Field 
work  started  in  the  Eastern  Highland  Rim  area  of  Tennessee  (fig.  2)  and  by 
1948,  had  extended  to  the  eastern  side  of  the  Sequatchie  Valley  and  vicinity. 
At  that  time,  a  limited  drilling  program  was  instituted  to  supplement  outcrop 
sampling  and  a  100 -foot  adit  was  driven  in  DeKalb  County  to  provide  large 
samples  of  unweathered  shale.   As  sampling  progressed  throughout  Tennessee  and 
into  neighboring  States,  studies  were  directed  toward  evaluating  oil  yield  as 
well  as  uranium  content.   Regions  within  Tennessee  were  divided  into  seven 
blocks  for  ease  in  mapping  and  reporting  procedures  (fig.  3).   By  the  mid- 
1950'  s,  several  higher  grade  uranium  deposits  had  been  discovered,  principally 
on  the  Colorado  Plateau  and  in  the  Wyoming  basins,  and  interest  in  the 
Chattanooga  Shale  as  a  low-grade  uranium  source  waned.   Uranium  assay 
determinations  of  samples  from  about  250  outcrops  and  a  number  of  drill  cores 
had  been  made.   During  this  period,  numerous  Trace  Element  Investigations 
(TEI)  reports  were  issued  by  the  U.S.  Geological  Survey,  summarizing  the 
results  of  their  studies;  most  of  these  results  were  subsequently  published 
as  bulletins  and  professional  papers. 

Although  the  U.S.  Geological  Survey  did  much  of  the  investigative  work, 
the  Bureau  of  Mines  and  the  University  of  Tennessee  also  made  substantive 
contributions.   Late   in  1952,  an  extensive  diamond  drilling  program  to 
confirm  analytical  and  stratigraphic  data  was  started  in  Tennessee  through  a 
cooperative  agreement  between  the  Bureau  of  Mines  and  the  U.S.  Geological 
Survey  for  the  AEC.   Sixty -one  core  holes  in  Tennessee  and  three  in  Alabama 
were  drilled  during  the  1 -year  program. 

In  conjunction  with  governmental  investigations,  the  University  of 
Tennessee,  under  AEC  contract,  conducted  a  detailed  study  of  the  Chattanooga 
Shale  with  emphasis  on  stratigraphic  relationships.  As  the  program  progressed, 
however,  attention  was  also  directed  toward  the  determination  of  the  amounts 
of  uranium  and  oil  present  in  the  shale.   Between  1951  and  1959,  420  litho- 
logic  logs  were  prepared;  samples  from  123  localities  were  collected  for 
uranium  and  oil  analyses. 

While  field  investigations  were  being  conducted,  the  Division  of  Raw 
Materials,  AEC,  sponsored  several  research  projects  concerned  with  geochemical 
and  mineralogical  examination  of  the  Chattanooga  Shale.   Battelle  Memorial 
Institute  and  Columbia  University  both  examined  methods  of  uranium  recovery 
from  the  shale.  Mineralogic  and  petrographic  studies  of  black  shales  and 
lignites,  with  specific  emphasis  on  the  Chattanooga  Shale,  were  undertaken  by 
Pennsylvania  State  University. 

GEOLOGIC  SETTING 

Structurally,  the  Nashville  Basin  of  central  Tennessee  is  part  of  a  broad 
truncated  dome  on  the  Cincinnati  arch  extending  northward  into  Kentucky  and 
southward  into  Alabama.   Exposed  rocks  of  the  region  range  in  age  from 
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FIGURE  2.  -  Areal  extent  of  the  Chattanooga  Shale  in  Tennessee  and  adjacent  areas.  (Adapted 
from  Conant  and  Swanson  (IJ);  plate  from  Hickman  and  Lynch  (18).) 
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Ordovician  to  Cretaceous  and  generally  dip  away  from  the  dome's  former  crest 
at  a  rate  of  10  to  15  feet  per  mile.   As  a  result  of  the  Appalachian  Orogeny, 
older  rocks  are  exposed  in  the  southeastern  portion  of  the  study  area  which 
has  been  intensely  folded  and  faulted  and  is  characterized  by  steeply  dipping 
beds . 

Physiography  (12) 

The  study  area  lies  primarily  within  three  physiographic  provinces:   the 
Nashville  Basin,  the  Highland  Rim,  and  the  Cumberland  Plateau.   Figure  2  shows 
the  generalized  areal  extent  of  the  Chattanooga  Shale  and  identifies  the 
provinces . 

Topographically,  the  Nashville  Basin  is  a  lowland  occupying  the  crestal 
area  of  the  truncated  Nashville  dome.   Ordovician  limestones  form  the  undulat- 
ing floor  of  the  basin,  400  to  500  feet  above  sea  level.   Differential  weather- 
ing between  a  cap  of  resistant  chert  and  the  underlying,  less  resistant  units 
has  resulted  in  a  300-  to  500 -foot  escarpment  at  the  edge  of  the  basin.   The 
Chattanooga  Shale,  which  once  covered  the  area  of  the  present  basin,  is 
exposed  in  the  upper  part  of  the  escarpment. 

The  Highland  Rim  is  comprised  of  those  upland  areas  approximately 
1,000  feet  above  sea  level  which  surround  the  Nashville  Basin  and  is  sub- 
divided into  four  geographic  regions.   The  Chattanooga  Shale  generally 
underlies  the  entire  province  except  where  streams  have  cut  so  deeply  as 
to  erode  the  shale. 

The   Cumberland  Plateau  trends  in  a  northeast-southwest  direction  and 
adjoins  the  Eastern  Highland  Rim  in  Tennessee  and  the  Southern  Highland  Bd.m 
in  Alabama.   The  plateau  rises  nearly  1,000  feet  above  the  gentle  topography 
of  the  eastern  rim.   To  the  south,  this  change  in  elevation  is  somewhat  less. 
The  Chattanooga  Shale  is  continuous  under  the  general  plateau  surface  until 
interrupted  by  the  Sequatchie  Valley,  a  topographic  depression  along  the 
breached  axis  of  the  Sequatchie  anticline.   Shale  is  not  exposed  on  the 
western  side  of  the  valley  due  to  fault  displacement  but  does  crop  out  on 
the  eastern  side  (the  western  slopes  of  Walden  Ridge). 

The  Appalachian  Valley  and  Ridge  province  lies  immediately  east  of  the 
Cumberland  Plateau  and  scattered  outcrops  of  the  Chattanooga  Shale  are  present 
on  flanks  of  some  of  the  Appalachian  folds.   The  shale  has  been  subjected  to 
intense  orogenic  forces  and  in  many  places  has  been  removed  by  erosion. 
Within  this  region,  available  geologic  information  prohibits  a  quantitative 
appraisal  of  the  shale's  resource  potential  at  this  time. 

Stratigraphy  (12) 

The  Chattanooga  Shale  is  part  of  a  sequence  of  Late  Devonian  to  Early 
Mississippian  black  shales  which  cover  most  of  the  East -Central  United  States 
and  extend  northwesterly  into  Canada.   Stratigraphic  equivalents  or  partial 
equivalents  include  the  New  Albany,  Mountain  Glen,  Antrim,  Ohio,  Woodford,  and 
Three  Forks  shales . 
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and  undulating  having  0.1- ioot  leZizi. 

Phoiphatc  noduZz  layeA  oi  vaAiablc  thicknm.     Hodute.i  oi  many 
ihapU  Oi  much  ai    (.5   ijee-t  oi  moic  in  glcaXcit  dimension,   in  an 
oZiuc-gKay  bandy  matrix..     ConcentARtion  of,  noduZe.6  va/U.e.6 
iateAotty.     WheAz  noduZz  layzA  ii  thickzit,  ovzfilying  clayitonz 
ii  coM.cipondingly  thinneA. 

Stack  ihatc.     ScatteAzd  phoiphatc  noduta  in  appcA  0.4   ioot. 
UnulzathcAcd  lock  ii  gtayiih  black,   maiiivc,   and  bizaki  uiith 
conchoidal  iiactuAc;  uizathzAzd  lock  ii  mzdium  to  dank  gnay  and 
iinzly  iiiitiz.     PapzA-tkin  mzdium  doAk-giay  nlXitonz  pantingi; 
iilmi  and  thin  Iznizi  oi  moAcaiitz. 


Intz/ibzddzd  black  ihatz  and  mzdium-giay  clayitonz.     Chizity  black 
ihalz  Oi  dz6cAibzd  in  ovzAlying  unit.     M  baiz  -a  a  "vaAvzd  bzd" 
appioiujmatzly  0.05  to  0.20  ioot  thick  coniiiting  oi  thin  altzA- 
nating  bzdi  oi  tight-biouin  iiltitonz  and  black  ihalz;   thz  black 
ihatz  tayzti   become  thickzA  and  molz  cloizly  ipaczd  upttiaAd. 
Baiot  contact  ihaAp. 


Black  ihalz.  SimitoA  to  6.9-ioot  black  ihalz  unit  abovz.  A  izui 
thin  tayzAi  oi  mzdium-gttay  ciayitonz  nzafi  baiz,  iuggziting  that 
loifJZA  contact  ii  glaxiational. 


o 

H 


CzntZA  HiZt  bzntonitz  bzd. 


IntzAbzddzd  mzdiwn  tight-glay  ciayitonz  and  doAk-gnay  ihalz  bzdi 
aimmonly  0.1  to  0.4  ioot  thick.     Bzntonitz  bzd,   0.09  ioot  thick, 
hoi  compicuoui  biotitz  itakzi;  otivz  giay  uihzAz  iizih,  paZz 
yzltotAiiih  o^oJige  lohzAz  iAJzathzAzd  and  KzadiZy  obiZAVzd  on  iacz  oi 
outcAop;  top  ii  0.S5  ioot  faeXow  top  oi  unit. 


Black  ihalz.     GznzAalZy  izizinbtzi  6.9-ioot  ihalz  unit  abovz,  colon 
flanging  i^iom  giayiih  black  to  doAk  giay.     PooKly  iontzd  baial 
ianditonz  piziznt  at  moit  ptaczi.     Avciagzi  about  0.02   ioot  thick; 
contaim  ueA(/  iinz  giainzd  cZzoa  quoAtz,   i^ion  iutiidz,  matzAi^iofin 
chzAt  and  ihztt  i^agmznti,   and  conodonti .      Baial  contact  ihoAp 
but  itightly  undulating,   tAuncating  undzAlying  timzAtonz  at  an 
anglz  oi  1°  oi  Izii. 


Unconformity- 


LLmzitonz,   btuijih-glay,   and  alg-tllaczouA ;   tight-giay  to  btuA^h-glay 
catcaizoui  iittitonz  in  louizA  30  izzt.     Wzathzu  giayiih  oiangz 
to  yzlZoiaUh  giay. 


FIGURE  4,  -  Stratigraphic  section  of  the  Chattanooga  Shale  in  DeKalb  County,  Tenn, 
(Adapted  from  Conant.and  Swanson  (j2),) 


Throughout  most  of  the  study  area  considered  in  this  report,  the 
Chattanooga  Shale  is  about  30  feet  thick.   The  formation  is  Late  Devonian  in 
age  and  unconformably  overlies  formations  ranging  in  age  from  Devonian  to 
Ordovician.   For  purposes  of  this  report,  the  shale  is  divided  into  two 
separate  members,  the  Gassaway  and  the  Dowelltown  (fig.  4).  A  basal  member, 
the  Hardin  Sandstone,  is  present  in  Wayne  County,  Tenn. ,  and  in  parts  of 
adjoining  counties  of  Tennessee  and  Alabama.   Due  to  this  limited  areal  extent, 
the  Hardin  is  not  considered  even  though  it  is  formally  recognized  as  a 
member  of  the  Chattanooga  Shale. 

The  Gassaway  Member,  the  upper  portion  of  the  formation,  is  a  massive 
black  shale  except  for  a  2-  to  3-foot  middle  unit  of  interbedded  black  shale 
and  gray  clays tone  present  throughout  the  Eastern  Highland  Rim  and  parts  of 
the  Cumberland  Plateau.  Locally,  in  northern  Tennessee  and  into  Kentucky, 
the  uppermost  beds  of  the  member  contain  phosphatic  nodules  occurring  either 
in  zones  or  scattered  randomly  throughout  the  shale. 

The  Dowelltown  Member  is  generally  less  massive  than  the  Gassaway  Member 
and  is  divided  into  two  lithologic  units:  A  lower  unit  of  black  shale  similar 
to  that  of  the  Upper  Gassaway,  and  an  upper  unit  of  gray  claystone  interbedded 
with  black  shale. 

Immediately  above  the  Gassaway  Member  of  the  Chattanooga  Shale  lies  the 
Maury  Formation,  commonly  1  to  4  feet  thick.   The  base  of  the  formation  is 
considered  to  be  either  latest  Devonian  or  earliest  Mississippian  in  age. 

Above  the  Maury  Formation  is  the  resistant  Fort  Payne  Chert,  a  200 -foot 
unit  of  Mississippian  age.  A  stratigraphic  equivalent,  the  less  resistant 
New  Providence  Shale  (also  referred  to  as  the  Ridgetop  Shale)  is  present  in 
most  of  Kentucky  and  parts  of  northern  Tennessee. 

ANALYTICAL  DATA  BASE 

A  large  amount  of  chemical  analytical  data  (predominantly  uranium 
analyses)  exists  for  the  Gassaway  Member  of  the  Chattanooga  Shale.   Data  for 
the  Dowelltown  Member  are  comparatively  sparse,  reflecting  early  investiga- 
tions that  showed  the  Gassaway  Member  contained  nearly  twice  as  much  uranium 
as  the  Dowelltown.  Analyses  from  222  localities  which  contribute  to  an 
engineering  evaluation  of  the  Gassaway  Member  with  respect  to  tonnage  and 
grade  have  been  aggregated  and  compiled  as  a  data  base  for  this  report. 

A  weighted  mean  uranium  content  for  the  Gassaway  Member  from  each 
locality  is  presented  in  table  A-1,  appendix  A.   Tabulated  also  are  the 
weighted  mean  oil  yields  reported  for  34  localities.  Where  available  for  the 
same  222  localities,  weighted  means, of  uranium  content  and  oil  yield  for  the 
Dowelltown  Member  and  the  Maury  Formation  are  presented  in  table  A-2. 

Appendix  B  contains  analyses  from  geochemical  and  mineralogical  studies 
conducted  after  field  investigations  had  ended.  Weighted  mean  values  could 
not  be  determined  for  the  data  contained  in  table  B-1  and  percentages  shown 
represent  unweighted  average  values.   Standard  deviations  have  been  included 
to  show  the  variance  between  individual  sample  analyses . 
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Distribution  of  Data 

Figures  A-1  and  A -2,  appendix  A,  show  the  localities  (149  outcrops  and 
73  drill  sites)  from  which  a  weighted  mean  uranium  content  of  the  Gassaway 
Member  has  been  determined  (see  table  A-1).   DeKalb  County,  Tenn.  (fig.  A-2), 
has  the  greatest  concentration  of  drill  and  outcrop  data  and  appears  as  a 
separate  figure  for  illustrative  purposes.   Sites  related  to  the  data 
presented  in  appendix  B  are  identified  in  figure  B-1. 

Data  Limitations 

Data  presented  in  appendices  A  and  B  summarizing  information  developed 
over  a  period  of  several  decades  have  the  limitations  and  constraints  which 
were  placed  on  the  original  studies  and  the  data  contained  therein.   General 
difficulties  encountered  with  the  data  include:   (1)  Location  description; 
(2)  effects  of  weathering;  and  (3)  conflicts  among  different  investigative 
parties . 

In  this  study,  outcrop  and  drill-hole  locations  were  derived  from  both 
published  and  unpublished  sources.  Location  descriptions  of  sample  sites 
vary  in  detail  and  conflict  in  some  instances.  Many  of  the  original  investi- 
gations were  carried  on  before  detailed  topographic  maps  on  the  present  scale 
were  available,  perhaps  contributing  to  variations  in  location  descriptions. 
All  localities  cited  in  table  A-1  were  plotted  on  U.S.  Geological  Survey 
7 -1/2 -minute  topographic  quadrangle  maps  and  Universal  Transverse  Mercator 
(UTM)  grid  coordinates  determined  to  the  nearest  100  meters.   In  the  few 
instances  of  conflict  (generally  outcrop  locations) ,  the  plausibility  of  the 
specific  location  was  verified  with  7 -1/2 -minute  quadrangle  geologic  maps 
published  by  the  Division  of  Geology,  State  of  Tennessee. 

Early  investigators  questioned  the  reliability  of  analyses  from  outcrops 
due  to  the  effects  of  weathering.   Deeply  weathered  outcrop  samples  of  the 
Chattanooga  Shale  may  contain  from  20  to  40  ppm  more  or  less  uranium  than  a 
fresh  sample  from  the  same  unit;  further,  there  is  lower  oil  yield  from 
weathered  shale  due  to  the  breakdown  of  organic  matter  by  oxidation  (27,  p.  7; 
29) .   Efforts  were  made  by  early  field  investigators  to  obtain  the  freshest 
samples  possible  from  outcrops.   The  effect  of  weathering  could  not  be  weighed 
in  the  tabulation  of  analyses  contained  in  this  report. 

Analyses  tabulated  in  this  report  are  from  the  latest  dated  source 
available,  as  accuracy  of  determinations  has  improved  through  the  years  and 
several  samples  have  been  reanalyzed  by  later  investigators.  Most  analyses 
are  reported  to  be  within  ±5  parts  per  million  (ppm) . 

Conflicting  data  were  noted  in  early  reports  concerning  the  stratigraphic 
placement  of  phosphatic  zones,  whether  they  belonged  in  the  Gassaway  Member  or 
within  the  Maury  Formation.  Thicknesses  of  the  units  reported  in  appendices  A 
and  B  are  from  the  latest  dated  sources  available  for  this  compilation.  In 
the  few  instances  where  different  investigative  parties  measured  the  same  out- 
crop and  reported  conflicting  data,  the  thicknesses  reported  by  the  U.S.  Geo- 
logical Survey  were  used. 
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DATA  ANALYSIS 

From  the  data  presented  in  this  report,  tenable  conclusions  may  be  drawn 
on  the  thickness  of  units  and  distribution  of  constituents  within  the 
Chattanooga  Shale  which  relate  directly  to  the  economic  potential  of  the 
formation.   In  particular  instances,  however,  existing  data  are  too  scattered 
geographically  to  justify  extrapolation  or  to  permit  reliable  interpretation 
of  distribution  patterns. 

Extent  and  Thickness  of  Units 

The  Gassaway  Member  has  the  greatest  areal  extent  of  any  unit  in  the 
Chattanooga  Shale.  A  mean  (x)  thickness  of  the  222  localities  (table  A-1)  is 
14.73  feet.   This  is  somewhat  lower  than  reported  average  thickness  values  of 
previous  reports  and  may  reflect  the  fact  that  a  number  of  measurements  were 
taken  in  areas  where  the  shale  thins  to  extinction. 

In  the  Eastern  Highland  Rim  area  the  member  achieves  thicknesses  between 
17  and  21  feet  (figs.  5  and  6).   From  this  area  the  unit  thins  gradually  west- 
ward toward  the  eastern  edge  of  the  Nashville  Basin  where  thickness  values  are 
commonly  11  to  13  feet. 

Further  east,  in  the  Walden  Ridge  area,  the  member  ranges  between  11  and 
21  feet  in  thickness.  Along  Walden  Ridge,  as  well  as  in  the  Eastern  Highland 
Rim,  the  Gassaway  generally  thickens  northward. 

"The  thickness  of  the  Gassaway  Member  along  the  Northern  Rim  of  the 
Nashville  Basin  averages  15  to  16  feet  and  increases  to  the  north  into 
Kentucky  (12) .   Thicknesses  in  eastern  Sumner  County  are  consistently  16  feet 
but  are  thin  to  the  southwest  in  the  direction  of  Nashville  where  they  are 
about  10  to  12  feet. 

In  Tennessee,  the  Gassaway  Member  is  generally  thinnest  in  regions  south 
of  the  basin.   In  southwestern  portions  of  the  Highland  Rim,  the  member  is 
about  6  feet  thick  at  the  basin's  edge  and  thins  to  extinction  in  Lawrence  and 
adjoining  counties.   In  the  southeast,  thinning  continues  southward  to  an  area 
approximately  parallel  to  the  Tennessee -Alabama  State  line.  In  this  southern- 
most area  of  investigation,  primarily  in  northern  Alabama  and  northwestern 
Georgia,  stratigraphic  recognition  of  units  within  the  formation  is  question- 
able. While  one  report  (12,  p.  35)  indicates  Gassaway  thicknesses  ranging 
from  0  to  40  feet  generally  constitute  the  entire  section  of  Chattanooga  Shale, 
others  (16,  p.  12;  6,   p.  24)  state  that  only  the  upper  units  of  the  black 
shale  present  are  Gassaway  and  that  the  lower  beds  are  of  Dowelltown  age. 
Additional  geologic  work  is  needed  in  this  area  as  existing  information  is 
from,  widely  scattered  localities,  and  thicknesses  believed  to  represent  the 
entire  formation  vary  considerably  within  distances  of  several  miles. 

Zones  of  scattered  phosphate  nodules  within  the  Gassaway  are  present  in 
some  parts  of  the  northern  portions  of  the  Eastern  Highland  Rim  and  Walden 
Ridge.  Zone  thicknesses  generally  range  from  0  to  4  feet.  This  is  of  note 
because  the  shales  containing  phosphate  nodules  generally  have  a  lower 
uranixim  content  than  those  not  containing  nodules  (12) . 
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FIGURE  5.  -  Sample  localities  where  thicknesses  of  the  Gossaway  N'.ember  ore  greater  than 
15  feet. 
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The  Dowelltown  Member,  although  absent  in  the  whole  southwest  quadrant, 
is  present  throughout  most  of  the  Eastern  and  Northern  Highland  Rim  areas.   A 
mean  (x)  of  the  96  Dowelltown  thicknesses  included  in  this  report  (table  A-2, 
appendix  A)  is  13.02  feet.   However,  sections  in  the  central  part  of  the 
Eastern  Highland  Rim  are  nearly  20  feet  thick  (26) .   Thicknesses  in  portions 
of  DeKalb,  Cannon,  Coffee,  Warren,  and  White  Counties  average  over  15  feet 
and  generally  thin  outwardly  in  all  directions.   Thicknesses  in  the  north- 
western portion  of  the  Highland  Rim  average  15  feet  and  thin  southeasterly 
toward  the  basin.  Along  the  western  edge  of  the  basin,  the  shale  thins  toward 
southern  Williamson  County  and  the  Hohenwald  platform  (12) . 

The  Maury  Formation  is  commonly  1  to  4  feet  thick  throughout  the  area  of 
study  and  has  been  identified  at  every  examined  outcrop  of  the  Chattanooga 
Shale  (12) .   In  most  areas  of  Tennessee,  the  Maury  is  2  to  4  feet  thick,  is 
somewhat  thinner  in  Kentucky,  but  ranges  in  thickness  from  2  to  6  feet  in 
Alabama . 

The  massive  Fort  Payne  Chert  overlies  the  Maury  Formation  in  most  parts 
of  Tennessee  and  in  the  northern  portions  of  Alabama  and  Georgia.   Thicknesses 
are  commonly  greater  than  100  feet  and  at  some  places  as  much  as  275  feet  (12) . 
A  resistant  succession  of  chert  beds  2  inches  to  2  feet  thick  comprise  the 
lower  part  of  the  formation  (12) .   Chert  grades  laterally  into  the  New 
Providence  Shale  which  covers  much  of  Kentucky  and  most  areas  of  the  Northern 
and  Western  Highland  Rims. 

Uranium  Content 

Uranium  in  the  Chattanooga  Shale  has  been  attributed  to  the  removal  of 
the  uranium  element  from  sea  water  by  plant  matter  on  the  sea  bottom.'*  Rich- 
ness of  the  uranium  content  is  thought  to  be  the  result  of  an  extremely  slow 
rate  of  sedimentation  (12) . 

Uranium  content  within  the  Chattanooga  Shale,  both  in  the  entire  forma- 
tion and  in  individual  units,  exhibits  a  fairly  uniform  lateral  distribution 
over  distances  of  several  miles  (29) .   Weighted  mean  uranium  values  for  the 
Chattanooga  Shale  and  Maury  Formation  from  localities  discussed  in  this  report 
are  the  Gassaway  Member,  57  ppm,  with  a  standard  deviation  of  9  ppm;  the 
Dowelltown  Member,  23  ppm,  with  a  standard  deviation  of  9  ppm;  and  the  Maury 
Formation,  15  ppm,  with  a  standard  deviation  of  10  ppm.   Sample  localities  are 
from  several  States  and  deviations  probably  reflect  regional  trends,  some 
areas  being  consistently  high,  others  consistently  low.   Vertical  distribution 
of  uranium  is  distinctly  different  within  the  five  major  stratigraphic  units 
(fig.  4)  of  the  Gassaway  and  Dowelltown  Members,  but  the  relative  content  of 
these  units  remains  essentially  constant  throughout  the  area  (11) .   The  Upper 
Gassaway  consistently  contains  the  greatest  amount  of  uranium.   In  order  of 
decreasing  uranium  content  are  the  Lower  and  Middle  Gassaway,  followed  by  the 
Lower  and  Upper  Dowelltown. 


4 Reference  28  provides  a  detailed  explanation  of  the  mechanisms  of  uranium 
emplacement  and  amounts  attributable  to  each. 
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Uranium  content  of  the  Gassaway  Member  is  generally  considered  higher  in 
the  Eastern  Highland  Rim  and  the  greatest  number  of  samples  is  from  this  area 
(figs.  7  and  8).   In  DeKalb  County,  Tenn. ,  the  central  part  of  the  Eastern 
Highland  Rim,  the  mean  uranium  content  is  calculated  to  be  60  ppm  with  a 
standard  deviation  of  4  ppm.  Although  less  information  exists  for  adjoining 
Warren  County  to  the  south,  calculations  indicate  an  identical  mean  uranium 
content  of  60  ppm  with  a  deviation  of  3  ppm.  A  pattern  of  fairly  high  values 
continues  southward  into  Cannon  County.   There,  the  calculated  mean  uranium 
value  is  59  ppm,  but  a  standard  deviation  of  6  ppm  reflects  a  somewhat  higher 
variance  of  values  and  a  possible  change  in  the  fairly  uniform  distribution. 

It  is  possible,  judging  from  existing  information  that  the  area  of 
uniform  distribution  in  the  Eastern  Highland  Rim  continues  eastward  under  the 
Cumberland  Plateau.   Drill  cores  from  Localities  166  and  179  (fig.  A-1)  indi- 
cate the  uranium  content  to  be  62  and  63  ppm,  respectively.   In  the  Walden 
Ridge  area,  the  uranium  values  average  about  62  ppm  also,  but  variance  from 
one  locality  to  another  is  high  (51  ppm  to  69  ppm  between  Localities  174  and 
175) .   Drill  cores  in  this  area  would  be  expected  to  give  a  truer  indication 
of  uranium  content  and  average  over  65  ppm.  Lack  of  existing  data  prohibits 
a  reliable  estimate  of  the  uranium  content,  but  the  area  around  Locality  168 
may  contain  the  best  combination  of  thickness  and  grade  yet  encountered  (1^5)  . 

The  uranium  content  within  the  Gassaway  Member  tends  to  decrease,  with 
some  irregularity,  to  the  north  of  DeKalb  County.  While  several  localities 
northeast  of  the  basin  exhibit  uranium  values  greater  than  60  ppm,  county - 
wide  mean  values  range  from  10  to  20  percent  below  those  values  calculated  for 
the  central  Eastern  Highland  Rim  area.  The  lower  grade  is  characterized  by 
shale  with  phosphate  nodules  in  the  upper  unit  of  the  Gassaway.   Remaining 
units  of  the  member,  excluding  phosphate  zones,  also  have  a  slightly  lower 
uranium  content  (12) .  The  uranium  content  continues  to  decrease  as  the  shale 
extends  into  Kentucky.   There,  in  the  northernmost  localities  from  which  the 
greatest  Gassaway  thicknesses  are  reported,  the  shale  assays  less  than  40  ppm 
uranium. 

In  the  northern  and  northwestern  portions  of  the  Highland  Rim,  uranium 
content  is  comparatively  low.   From  the  data  available,  uranium  content 
appears  to  decrease  in  a  direction  away  from  the  basin.  Mean  values,  by 
county,  average  about  53  ppm,  somewhat  higher  than  those  of  the  northeastern 
rim  area,  but  appreciably  lower  than  values  from  the  central  Eastern  Highland 
Rim. 

In  the  Southern  Highland  Rim,  uranium  values  are  higher  than  those  in  the 
Eastern  Highland  Rim  but  because  of  its  thinness,  the  Gassaway  Member  is  not 
considered  a  minable  unit.  With  the  limited  data  available,  generalizations 
on  the  uranium  distribution  further  south  are  difficult.  In  Blount  County, 
Ala.,  however,  three  drill -core  localities  provide  a  certain  amount  of  control 
and  indicate  the  uranium  content  averages  slightly  more  than  51  ppm. 

Because  of  the  lower  content  and  vertical  distribution  of  the  uranium, 
there  has  been  little  interest  in  the  Dowelltown  Member.  The  uranium  content 
is  generally  higher  in  the  Eastern  Highland  Rim,  and  in  this  area  the  member 
would  probably  have  its  highest  economic  potential. 
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FIGURE  7.  -  Sample  localities  where  uranium  values  of  the  Gassaway  Member  are  greater 
than,  60  ppm  (0.0060  percent). 
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Oil  Yield 

The  Chattanooga  Shale  is  not  a  source  of  petroleum  as  such,  but  organic 
material  within  the  shale  will,  with  destructive  distillation,  yield  oil  (27) . 
Fisher  assays  of  the  Gassaway  Member  from  34  localities  are  contained  in 
table  A-1,  appendix  A,  and  are  shown  in  figure  9.  Available  data  are  sparse 
compared  to  the  amount  of  information  pertaining  to  uraniiim  content,  but  the 
distribution  is  such  that  general  estimates  regarding  pyrolitic  oil  yield  can 
be  made.   Seven  analyses  (table  A-2,  appendix  A)  of  the  Dowelltown  Member  in 
Tennessee  average  less  than  5  gallons  per  ton. 

One  of  the  areas  of  highest  oil  yield  for  the  Gassaway  Member  is  in  the 
central  Eastern  Highland  Rim  where  mean  oil  yield  values  in  and  around  DeKalb 
County  average  8.7  gallons  per  ton.  An  oil  value  of  8.2  gallons  per  ton  from 
Locality  166  would  seem  to  indicate  a  fairly  uniform  distribution  from  west  to 
east,  similar  to  that  exhibited  by  the  uranium  content.   This  uniform  pattern 
is  broken,  however,  because  shale  in  the  Walden  Ridge  area  yields  between  0.7 
and  3.3  gallons  of  oil  per  ton.  Values  also  decrease  markedly  south  of  DeKalb 
County. 

In  the  northern  Eastern  Highland  Rim  and  the  Northern  Highland  Rim,  oil 
yield  averages  about  8  gallons  per  ton  of  shale  (6).      The  northernmost  local- 
ities in  Kentucky  are  more  scattered  geographically,  but  over  a  large  area  the 
shale  may  yield  nearly  the  same  or  possibly  greater  amounts  of  oil  than  the 
approximate  8.7  gallons  per  ton  expected  in  and  around  DeKalb  County  in  the 
Eastern  Highland  Rim. 

Uranium  is  probably  deposited  as  a  result  of  the  presence  of  organic 
material  (21),  and  although  oil  is  derived  from  the  organic  material,  an  appar- 
ent relationship  exists  only  very  locally  between  the  two  and  not  over  a  wide- 
spread area  (27)  . 

Three  statistical  models  were  specified  to  see  if  any  significant  statis- 
tical relationship  exists  between  the  observed  values  for  oil  versus  uranium 
from  the  same  34  locations.  Table  1  shows  that  for  the  models  specified,  no  sig- 
nificant statistical  relationship  could  be  determined.   The  coefficients  of 
determination  (R^)  for  the  equations  are  extremely  low,  and  the  standard 
errors  for  the  slope  are  greater  than  one -half  the  value  of  the  coefficient, 
making  it  no  different  than  zero  at  the  95 -percent  confidence  interval. 

TABLE  1 .  -  Coefficients  of  regression  equations  for  oil  versus 
uranitjm  with  coefficients  of  determination  (R.^)  and 
S.tandard  error  of  regression  coefficients 


a 

b 

R^ 

LINEAR  MODEL  Y  =  a  +  bX^ 

8.87 
(3.15) 

-34,028.8 
(55,322.8) 

0.012 

EXPONENTIAL  MODEL  [Y  =  ae" ^ ] 

9.52 
(2.10) 

-8,189.3 
(12,990.9) 

0.012 

POWER  MODEL  [Y  =  aX" ] 

0.959 
(961.17) 

-0.38866 
(.70089) 

0.010 
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FIGURE  9ii  -  Oil  yield  values  for  the  Gassaway  Member. 
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Phosphate 

Phosphate  occurs  in  the  Chattanooga  Shale  both  in  zones  of  scattered 
nodules  within  the  upper  few  feet  of  the  Gassaway  Member  and  as  sparse 
disseminated  particles,  generally  in  the  form  of  finely  divided  apatite, 
throughout  the  entire  formation  (6).      Phosphorous  oxide  (P2O5) ,  or  phosphate, 
concentrations  in  the  Gassaway  Member  range  from  0.14  to  1.07  percent 
(table  B-2  and  figure  B-1,  appendix  B) .   Concentrations  are  highest,  commonly 
0.40  to  0.50  percent,  in  areas  of  Walden  Ridge  and  the  Eastern  and  Northern 
Highland  Rims  where  the  zone  of  phosphatic  nodules  is  present.  Analyses  of 
individual  nodules  from  the  Gassaway  Member  indicate  a  P2O5  content  which 
ranges  from  20.8  to  28.9  percent.  Nodules  from  the  Maury  Formation  average 
29.3  to  33.2  percent  PgOs  (12). 

Pyrite 

Pyrite  (FeSg)  is  generally  concentrated  in  the  shale  as  small,  roughly 
spheroidal  aggregates  approximately  0.04  mm  in  size,  but  larger  nodules 
(4  to  6  mm)  are  also  present  (3).     Analyses  (table  B-1,  appendix  B)  indicate 
concentrations  of  pyrite  in  the  Gassaway  Member  (approximately  12  percent)  are 
highest  in  the  Northern  Highland  Rim.   The  amount  of  pyrite  gradually 
decreases  southward  through  the  Eastern  Highland  Rim  and  into  Blount  County, 
Ala.,  where  the  Gassaway  Member,  at  Locality  219,  contains  only  4.49  percent 
FeSg •   These  analyses,  however,  show  only  the  mean  values  from  random  samples 
and  do  not  represent  weighted  mean  values  as  generally  used  in  this  report. 
Because  pyrite  occurs  in  laminae  <0.1  mm  or  thin  layers  1  to  5  mm  thick, 
different  sections  (generally  greater  than  a  foot  thick)  of  the  same  sample 
may  indicate  a  wide  range  of  pyrite  values.   Such  circumstances  have  probably 
resulted  in  the  several  high  standard  deviations  noted. 

Most  of  the  sulfur  in  the  shale  is  present  as  sulfide  combined  with  iron, 
forming  pyrite  or  marcasite  (1) .  Weighted  mean  values  of  the  sulfur  content 
of  the  Gassaway  Member  (table  B-2,  appendix  B) ,  which  decrease  southward,  also 
indicate  a  tendency  for  higher  values  in  the  Northern  Highland  Rim. 

Trace  Elements 

Average  concentrations  of  trace  elements  within  the  Chattanooga  Shale 
have  been  determined  in  approximately  60  randomly  selected  samples  from 
Localities  30  and  124  (table  B-3,  appendix  B) .  When  compared  with  the  crustal 
abundance,  several  elements  appear  to  be  enriched  in  the  shale.   Data  are 
provided  for  comparison  purposes,  and  no  regional  interpretations  are  made. 
The  analyses  are  semiquantitative  in  nature  and  provide  only  rough  valuations 
of  the  elements  detected.   Certain  minor  elements  may  possibly  be  recoverable 
on  a  byproduct  basis. 

Thorium  content  has  been  reported  for  eight  samples  (table  B-4, 
appendix  B) .   Values  for  the  Dowelltown  Member  are  slightly  higher  than  those 
for  the  Gassaway  and  the  content  of  each  unit  is  highest  in  Walden  Ridge. 
Here  the  thorium  content  of  the  Chattanooga  Shale  is  about  12  ppm,  which  is 
average  crustal  abundance  of  shales  (31) . 
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RESOURCE  ESTIMATES,  URANIUM 

Numerous  estimates  have  been  made  of  tonnage  and  grade  of  uranium  con- 
tained in  units  of  the  Chattanooga  Shale.  A  Bureau  of  Mines  report  (18) 
described  core  drilling  investigations  conducted  jointly  with  the  U.S.  Geo- 
logical Survey  and  estimated  measured  and  inferred  reserves  of  uranium,  based 
on  drill  core  analyses,  for  the  Gassaway  Member  within  area  blocks  (fig.  4). 
U.S.  Geological  Survey  reports  have  estimated  uranium  resources  for  units  and 
members  of  the  Chattanooga  Shale  by  county  and  geologic  province  (6)  ,  metallic 
uranium  content  (12) ,  and  reserves  for  the  Gassaway  Member  in  21  square  miles 
of  the  Youngs  Bend  area,  DeKalb  County,  Tenn.  (20) .   Personnel  with  the 
University  of  Tennessee  have  also  estimated  uranium  reserves  within  certain 
Tennessee  counties  based  on  their  contract  work  with  the  AEC  (26) . 

Methodology  for  Resource  Calculations 

From  a  mining  standpoint,  the  Gassaway  Member  appears  the  more  econom- 
ically attractive  unit  in  the  Chattanooga  Shale.   The  combination  of  its 
widespread  distribution,  uniform  thickness,  and  the  higher  uranium  content 
with  its  relatively  vertical  consistency  makes  the  Gassaway  a  logical  choice 
to  be  mined;  resource  estimates  determined  for  this  report  are  for  the 
Gassaway  Member  only.   Uranium  potential  of  the  Dowelltown  Member  is 
questionable  because  of  the  5-  to  10 -foot -thick,  nearly  barren  clays  tone 
unit  overlying  the  lower  black  shale. 

Geologic  maps  published  by  the  State  of  Tennessee,  Division  of  Geology, 
were  enlarged  and  planimetered  to  determine  the  areal  extent  of  the  Gassaway 
Member  in  selected  counties.   Data  from  the  files  of  the  University  of 
Tennessee  (graphic  logs  of  measured  sections  of  the  Gassaway  Member  (32))  were 
used  in  addition  to  thicknesses  presented  in  table  A-1,  appendix  A,  in  cal- 
culating the  mean  and  standard  deviations  of  thickness  for  the  Gassaway  Member 
in  the  12  counties . 

Data  from  both  outcrops  and  drill  holes  were  used  in  resource  determina- 
tions since  no  significant  difference  could  be  found  between  the  means  and 
the  standard  deviations  for  each  in  DeKalb  County,  which  has  the  largest  data 
base  of  all  counties.   The  mean  value  for  outcrops  and  drill  holes  was  60.3 
versus  59.9  ppm,  respectively,  while  the  standard  deviations  were  5.2  versus 
3.7  ppm,  respectively.   The  0.4  ppm  difference  in  the  means  and  the  1.5  ppm 
difference  in  standard  deviations  is  well  within  the  ±5  ppm  precision  limits 
of  analysis  of  individual  samples. 

When  the  thickness  of  the  Gassaway  Member  was  assessed,  a  range  rather 
than  a  one  number  estimate  best  served  the  purpose  of  arriving  at  a  realistic 
appraisal  of  uraniiam  resources  for  the  counties.  To  obtain  a  range  of  values, 
two  thicknesses  were  determined  using  one -half  of  one  standard  deviation  above 
and  below  the  mean  thickness.  For  example,  in  Coffee  County  the  mean  Gassaway 
thickness  is  13.23  feet  with  a  standard  deviation  of  2.20  feet  (table  2).  The 
calculated  mean  thickness  ranges  from  12.13  to  14.33  feet. 
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If  isopach  maps  (12,  26)  and/or  point  distributions  indicated  an  overall 
thickness  greater  than  the  calculated  mean,  a  bias  was  introduced.  A  bias 
indicates  the  member  thickness  ranged  from  the  mean  to  one  standard  deviation 
above  the  mean.   For  example,  in  Sumner  County  the  mean  thickness  of  the 
Gassaway  is  11.27  feet  with  a  standard  deviation  of  2.62  feet,  but  the 
calculated  mean  thickness  of  the  member  is  assumed  to  range  from  11.27  to 
13.89  feet. 

Weighted  mean  uranium  values  for  each  locality  presented  in  table  A-1, 
appendix  A,  were  used  in  calculating  the  mean  (x)  and  standard  deviation(s) 
of  uranium  content  for  the  counties.  A  range  of  uranium  values  was  not 
introduced  in  the  resource  calculations  as  the  standard  deviations  closely 
approximate  individual'  analysis  accuracy. 

Resources,  Gassaway  Member 

The  Chattanooga  Shale  of  eastern  Tennessee  is  considered  a  submarginal 
uranium  resource  (13) .   Uranium  content  of  the  shale  is  too  low  to  be  con- 
sidered an  ore,  and  analytical  data  are  too  limited  for  precise  resource 
determinations  except  for  a  confined  area  in  DeKalb  County,  Tenn.  However, 
with  extrapolation,  based  on  assumptions  that  uranium  content  and  unit 
thicknesses  are  generally  uniform  over  large  areas,  an  order  of  magnitude 
of  the  amount  of  uranium  contained  in  the  Gassaway  Member  has  been  determined 
for  a  12 -county  area.  The  estimated  resources  prepared  during  the  course  of 
this  study  should  be  considered  as  indicated. 

Counties  (fig.  10)  for  which  resource  estimates  were  prepared  were 
selected  solely  on  the  basis  of  the  quantity  and  distribution  of  assay  and 
thickness  data.  Within  the  12  selected  counties  (table  2),  uranixim  resources 
within  the  Gassaway  Member  range  from  4.2  to  5.1  million  short  tons  contained 
in  76  to  91  billion  short  tons  of  shale.  These  figures  represent  in -ground 
tonnagea  and  do  not  allow  for  mining  or  processing  losses. 

Resources  Versus  Projected  Cumulative  Demand 

For  comparative  purposes,  the  magnitude  of  uranium  resources  contained 
in  the  Gassaway  Member  of  the  Chattanooga  Shale  are  related  to  the  projected 
cumulative  United  States  and  world  demand  for  U3OQ  from  1975  to  2000  (fig.  11).^ 
Depending  on  the  magnitude  of  mining  and  the  efficiency  of  the  mining  and 
processing  recovery  of  the  shale,  a  substantial  portion  of  the  cumulative 
United  States  and  world  demand  could  be  satisfied.  With  a  50 -percent  mining 
and  70 -percent  processing  recovery,  approximately  1.48  short  tons  of  the 
4.2  million  short  tons  of  uranium  could  be  recovered.  This  would  be  greater 
than.  75  percent  of  the  cumulative  United  States  demand  requirements  for  U3O8 
through  the  year  2000  (33) . 


5U.S.  case  D,  foreign  case  L,  0.30  percent  tails  assay,  etc.,  explained  fully 
in  reference  33. 
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FIGURE  10.  -  Counties  for  which  uranium  resource  estimates  of  the  Gassaway  Member  have 
been  determined. 
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CONSIDERATIONS  IN  MINING 

Mining  costs  have  not 
been  developed  during  this 
study  because  future  utiliza- 
tion would  depend  on 
advances  in  mining  and 
metallurgical  technology. 
Therefore,  costs  developed 
for  such  a  situation  would 
be  purely  hypothetical. 
Some  inferences  related  to 
costs,  however,  can  be  drawn 
from  the  present  "state  of 
the  art." 

Previous  investigations 
of  the  Chattanooga  Shale 
were  concerned  primarily 
with  this  shale  being  a 
source  of  uranium.   Large 
deposits  of  richer  grade 
had  not  been  discovered, 
and  the  value  of  uranium 
was  tied  to  Government 
demand.   Consequently, 
tonnage,  grade,  and  mining 
costs  were  the  most 
important  factors  influenc- 
ing mine  site  selections. 


Major  factors  to  consider  in  mining  the  Gassaway  Member  are  composition, 
location,  and  attitude  of  the  shale,  and  stratigraphic  units  lying  above  and 
below  the  shale.   With  respect  to  mining  only  for  uranium,  a  general  require- 
ment is  the  need  for  an  enormous  tonnage  of  shale.   If  other  products  were 
recovered  along  with  uranium,  this  tonnage  requirement  might  not  be  as 
economically  burdensome. 

Other  constituents  of  the  shale  undoubtedly  would  affect  the  selection 
of  a  mine  site,  depending  on  the  feasibility  of  recovery.   These  would  include 
oil,  pyrite,  phosphate,  and  possibly  some  trace  elements.   Silica  content  of 
the  shale  could  also  influence  mining  and  processing  procedures. 

Within  the  study  area,  there  are  only  34  sample  localities,  given  the 
analytical  data  base,  for  which  a  weighted  mean  oil  yield  could  be  determined 
for  the  entire  Gassaway  Member  (table  A-1,  appendix  A).   Additional  assay  data 
based  on  core  drilling  would  have  to  be  developed  to  provide  precise  oil  yield 
information  before  adequate  selection  of  a  mining  area  could  be  made. 


From  the  limited  data  presented  in  tables  B-1  and  B-2,  appendix  B,  there 
is  a  slight  indication  that  pyrite  and  sulfur  content  within  the  Gassaway  is 
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highest  in  the  Northern  Highland  Rim  of  Tennessee.   If  this  is  the  case,  and 
if  pyrite  were  converted  to  sulfuric  acid  for  use  in  leaching  uranium,  investi- 
gations for  a  mine  site  could  be  directed  to  pyrite -rich  areas.   Pyrite  con- 
tained in  the  shale  can  be  decomposed  by  aqueous  oxidation  and  the  acid 
produced  can  be  used  to  extract  uranium  (24) .  Further  research  will  be  needed 
to  test  whether  this  reaction  is  applicable  to  in  situ  leaching  of  uranium,  by 
itself,  or  with  a  combination  of  methods.  If  pyrite  were  not  considered  a 
recoverable  product,  but  a  detriment,  the  reverse  would  be  true.   In  any  event, 
mining  operations  may  have  to  consider  the  effects  of  acid  water  formed  from 
oxidation  of  the  pyrite. 

If  phosphate  in  the  Gassaway  Member  were  considered  an  economically 
recoverable  byproduct,  consideration  would  have  to  be  given  to  selection  of 
a  mine  site  in  an  area  of  high -phosphate  content.   Presumably,  the  Maury 
Formation  would  be  removed  during  underground  mining  to  leave  a  more  stable 
roof  of  Fort  Payne  Chert.   The  lower  1  to  3  feet  of  the  Maury  has  been  mined 
for  its  phosphate  content  in  the  past  and  this  zone  would  be  a  major  source 
of  phosphate. 

No  substantive  conclusions  can  be  reached  on  the  possible  effects  of 
trace  elements  in  mine  site  selection.   The  analytical  data  base  is  limited 
and  is  in  need  of  expansion  before  any  conclusions  are  to  be  reached. 

Past  Mining  Experience 

The  Sligo  adit  is  the  only  underground  mining  experience  of  record  for 
the  Chattanooga  Shale.   From  1948  to  1949,  this  experimental  adit  was  driven 
for  the  U.S.  Geological  Survey  by  the  Construction  and  Maintenance  Division 
of  the  Tennessee  Valley  Authority.  The  purpose  of  the  adit  was  to  obtain 
12-  to  15 -ton  samples  of  fresh  shale  for  large-scale  laboratory  tests  as  well 
as  to  gain  insight  on  mining  conditions  (4) . 

In  April  1953,  the  Bureau  of  Mines  entered  into  contract  with  the  AEC  to 
obtain  engineering  data  relative  to  the  utilization  of  the  Chattanooga  Shale. 
As  part  of  this  investigation,  an  experimental  mine  site  was  proposed,  with 
provisions  for  expansion  to  a  permanent  production  operation.   The  mine  site 
selection  was  based  on  geological  investigations  conducted  by  the  U.S.  Geolog- 
ical Survey  and  exploratory  and  development  core  drilling  performed  under  the 
direction  of  the  Bureau.  Appraisal  of  information  available  at  the  completion 
of  drilling  indicated  that  the  Youngs  Bend  area  of  Dekalb  County,  Tenn. ,  had 
the  best  potential  for  future  large-scale  production  of  uranium  (14) . 

The  general  location  of  the  mining  area  in  DeKalb  County,  Tenn.,  is  shown 
in  figure  12.   The  proposed  experimental  mine  area  and  production  mine  and 
mill  site  are  identified  in  figure  13.   This  figure  has  been  adapted  from  pre- 
viously published  literature  (18)  which  summarized  the  selection  of  the  Bureau 
mining  area.   The  original  field  nxmbers  of  the  drill  holes  have  been  retained 
in  the  illustration,  and  the  locality  cross-reference  listing  (table  A-3, 
appendix  A)  identifies  the  numbers  assigned  to  these  drill  holes  in  this 
report.   Two  holes,  PC -4  and  PC -5,  drilled  for  mining  data  at  the  Pine  Creek 
experimental  mine  site  depicted  in  figure  13,  do  not  appear  in  the  compilation 
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FIGURE  13.  -  Location  of  proposed  mine  area  and  mill  sites,  DeKalb  County, 
Tenn.  (From  Hickman  and  Lynch  (18).) 

of  data  presented  in  table  A-1,  appendix  A.   There  is  no  record  of  uranium 
analyses  of  these  drill  cores,  and  the  data  base  of  this  report  has  been 
limited  to  only  those  localities  for  which  a  weighted  average  uraniiim  value 
could  be  computed  for  the  Gassaway  Member. 

Underground  Operations 

Early  investigators  considered  an  underground  operation  the  most  feasible 
method  of  mining.   In  the  Eastern  Highland  Rim  area,  the  area  with  the  highest 
uranium  content,  the  shale  lies  progressively  under  more  cover  to  the  east, 
reaching  a  depth  of  360  feet  at  drill  hole  Locality  166  (fig.  A-1,  appendix  A). 

In  the  vicinity  of  the  proposed  experimental  mine  area,  the  Chattanooga 
Shale  and  Maury  Formation  are  overlain  by  the  competent  Fort  Payne  Chert.   In 
a  report  on  the  Sligo  adit  (4),  it  was  stated  that  the  Fort  Payne  Chert,  in 
general,  makes  a  good  roof,  though  at  outcrops  numerous  strong  joints  are 
observed  which  could  continue  long  distances  underground. 

Directly  beneath  the  Fort  Payne  Chert  is  the  Maury  Formation,  a  less 
competent,  dominantly  shale  unit.   Preliminary  plans  for  an  experimental 
underground  mine  developed  by  the  Bureau  of  Mines  assumed  that  the  Maury  would 
not  be  self-supporting  and  would  have  to  be  removed  (14) .  As  a  consequence, 
dilution  of  the  uranium  grade  in  the  Gassaway  Member  would  have  to  be  con- 
sidered, unless  selective  underground  mining  methods  are  developed  which  would 
allow  for  the  separation  of  material  mined  from  the  units. 
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Another  factor  to  be  considered  in  an  underground  operation,  unique  to 
uranium  mining  in  black  shale,  is  fire  hazard.   The  shale  is  combustible  and 
tests  performed  by  the  Explosives  Branch  of  the  Bureau  of  Mines  indicate  dust 
clouds  of  the  shale  are  ignitable  and  explosions  might  result  if  normal  pre- 
cautions are  not  followed  (4) . 

Ground  subsidence  would  have  to  be  considered  in  large-scale  underground 
operations.  Effects  could  be  reduced  with  careful  mine  planning.  Adequate 
ventilation  systems  would  have  to  be  considered  in  underground  operations  to 
prevent  possible  buildup  of  radon  daughter  concentrations  from  emanations  of 
radioactive  materials  within  the  shale. 

Pertinent  properties  of  the  Gassaway  Member  are  listed  below  for  the 
reader  wishing  to  make  further  study  of  underground  mining  considerations: 
Apparent  specific  gravity  is  2.30;  apparent  porosity  ranges  from  1.6  to 
1.7  percent;  tensile  strength  ranges  from  110  to  130  pounds  per  square  inch; 
compressive  strength  ranges  from  16,000  to  16,300  and  modulus  of  rupture 
ranges  from  330  to  370  pounds  per  square  inch  (2^)  . 

Stripping  Operations 

Reconnaissance  investigations  for  areas  in  which  the  Chattanooga  Shale 
or  its  correlatives  could  be  mined  by  stripping  were  carried  on  by  the 
U.S.  Geological  Survey  between  August  1948  and  April  1949  (25) .  Of  the  areas 
investigated,  only  those  in  Kentucky  had  enough  shale  tonnage  available  to  be 
considered  for  uranium  extraction.  However,  the  low-uranium  content  reported 
negated  these  areas  for  selection  as  a  mine  site.   In  addition  to  grade,  the 
extent  and  thickness  of  the  "tough"  Fort  Payne  Chert  is  of  primary  concern 
with  regard  to  the  feasibility  of  stripping  operations.  Areas  in  northern 
Tennessee  and  Kentucky,  where  the  correlative  of  the  Fort  Payne  (the  New 
Providence  Shale)  overlies  the  Maury  Formation  and  Chattanooga  Shale,  are  the 
most  likely  candidates  for  stripping  operations.  Where  the  thicknesses  permit, 
stripping  of  the  less  competent  New  Providence  Shale  would  be  more  econom- 
ically feasible. 

With  respect  to  uranium,  dilution  from  the  Maury  Formation  and  from 
phosphatic  zones  within  the  Gassaway  Member  could  be  controlled  through 
selective  stripping  operations. 

If  multiple  products  could  be  recovered  from  the  shale,  based  on  break- 
throughs in  extractive  metallurgy  and  an  enlarged  analytical  data  base,  there 
would  be  a  need  for  a  reassessment  of  strip  mine  areas  and  the  economics 
involved. 

In  Situ  Operations 

Environmental  factors  require  consideration  of  in  situ  recovery  of 
products  from  the  Chattanooga  Shale.   The  large  tonnage  of  raw  shale  needed 
to  support  a  conventional  operation  would  require  disposal  of  huge  quantities 
of  spent  shale  and  possibly  create  acid -water  and  ground -subsidence  problems 
with  inherent  environmental  degradation.   The  technical  and  economic 


30 


feasibility  of  in  situ  operations  will  have  to  be  determined  through  experi- 
mentation. To  date,  substantive  methodology  has  not  been  developed  for  this 
type  of  recovery  operation. 

Investigations  into  the  feasibility  of  in  situ  production  of  oil  from  the 
richer  oil  shales  of  the  Western  States  are  being  conducted  by  the  Bureau  of 
Mines.  Methods  of  fragmenting  oil  shale  formations,  preparatory  to  in  situ 
retorting,  have  been  developed  along  with  procedures  to  determine  extent  of 
fragmentation  (22) .   Field  experiments  have  been  conducted  on  in  situ  retort- 
ing of  the  western  shales  (T)  •      Results  of  these  studies  could  be  applicable 
to  the  Chattanooga  Shale  as  follows: 

1.  Combustion  zones  can  be  established  in  fractured  oil  shale  deposits. 

2.  Combustion  zones  can  be  maintained  and  moved  through  the  fractured 
shale  by  injection  of  air. 

3.  Free  oil  can  be  recovered. 

One  of  the  problems  of  in  situ  recovery  (retorting)  for  oil  is  maintain- 
ing sufficient  permeability  in  the  oil  shale  to  allow  the  process  to  be 
applied.  Changes  in  the  permeability  and  compaction  of  broken  western  oil 
shale  during  retorting  have  been  investigated  by  the  Bureau  of  Mines  in 
laboratory  studies.  Grade  of  western  oil  shales  studied  ranged  from  20.6  to 
46.7  gallons  of  oil  per  ton.  Under  test  conditions,  the  leaner  oil  shales 
experienced  only  minor  apparent  permeability  reductions,  but  the  richer  shales 
lost  essentially  all  permeability  (8). 

The  minor  apparent  permeability  loss  of  leaner  shales  during  in  situ 
retorting  may  be  an  important  factor  if  uranium  were  to  be  recovered  after 
retorting.  However,  it  has  been  reported  in  work  conducted  by  the  Mineral 
Beneficiation  Laboratory,  Columbia  University,  that  in  their  tests  of  batch 
leaching,  retorting  markedly  reduced  subsequent  uranium  extraction  (24). 
Research  will  be  needed  to  determine  the  order  of  extraction  of  possible 
recoverable  products  from  the  shale. 

PROCESSING  OF  SHALE 

To  date,  no  commercial  or  pilot  plant  operation  has  been  undertaken  to 
process  the  Chattanooga  Shale  for  recovering  uranium  or  oil.  This  is  because 
of  the  very  low  concentrations  of  either  product  compared  with  concentrations 
in  existing  western  deposits  which  are  economically  more  attractive.  However, 
laboratory  work  has  been  and  is  currently  being  conducted  which  evaluates 
several  of  the  more  promising  processes  for  the  recovery  of  uranium. 

The  most  notable  work  for  the  recovery  of  uranium  to  date  was  done  in 
1960  by  Columbia  University  for  the  AEC  (9).     This  research  work  was  under- 
taken to  find  methods  of  beneficiating  the  Chattanooga  Shale  for  its  uranium 
content  and  to  make  a  preliminary  techno -economic  evaluation  of  the  process. 


31 


The  two  most  promising  processes  are  (1)  countercurrent  leaching  of  raw 
shale  with  sulfuric  acid  and  (2)  oxygen  pressure  leaching  in  which  acid  pro- 
duction and  leaching  were  simultaneously  achieved  (9^)  .   Both  processes 
recovered  between  70  to  80  percent  of  the  uranium  from  the  shale,  depending 
primarily  upon  the  amount  of  reagent  and  the  number  of  steps.  A  third 
method  was  discussed --high  temperature  chlorination  of  shale^-but  time  and 
budget  considerations  did  not  permit  complete  evaluation. 

Research  on  percolation  leaching --a  comparatively  simple,  single -step 
technique  resulting  in  approximately  34  percent  uranium  recovery  on  minus 
3 -mesh  ore--is  currently  being  conducted  by  the  Bureau  of  Mines  in  the  Salt 
Lake  City  Metallurgy  Research  Center. 

The  major  difficulty  in  processing  the  shale  for  uranium  is  economic. 
With  the  more  elaborate  multistage  processes,  a  high  yield  can  be  obtained 
but  at  a  very  high  cost.   The  less  costly,  more  economical  single-stage 
processes  suffer  from  comparatively  low  recovery  rates. 

The  following  two  solutions,  which  chould  possibly  change  the  economics 
of  the  situation,  exist:   Advances  in  technology  which  would  allow  higher 
recovery  rates  at  lower  costs  and/or  byproduct  recovery  of  other  commodities 
from  the  shale,  that  is,  oil,  phosphate,  and  sulfuric  acid  which  could 
partially  justify  some  of  the  initial  process  expense.  No  substantive  work 
has  been  done  on  the  joint  recovery  of  uranium  and  oil  (the  most  promising 
byproduct)  from  the  shale  to  date.  The  Gassaway  Member  contains  less  than 
10  gallons  of  oil  per  ton  of  shale  compared  with  20  to  40  gallons  for  western 
shales.   These  lower  concentrations  in  the  Gassaway  almost  dictate  that  if  the 
oil  from  the  Gassaway  were  to  be  recovered  economically,  it  must  be  done  as  a 
byproduct  or  coproduct.  Another  problem  complicating  the  matter,  however,  is 
that  oil  retorted  from  the  Chattanooga  Shale  has  a  high -sulfur  content  and  is 
very  corrosive  (35) .   Further  work  must  be  done  in  order  to  adequately  assess 
any  process  technique  for  future  consideration. 

ASSESSMENT  OF  SELECTED  LAND  DISTURBANCE  PARAMETERS 
OF  MINING  CHATTANOOGA  SHALE 

A  model  has  been  developed  to  determine  land  disturbance  measured  by  the 
total  tons  or  acres  of  shale  to  be  mined  and  reclaimed  and  the  number  and 
areal  magnitude  of  each  mining  operation  if  the  Gassaway  Member  of  the 
Chattanooga  Shale  is  to  satisfy  1  percent  of  the  domestic  demand  for  uranium 
in  the  United  States  in  1991.   This  year  was  chosen  because  (1)  it  is  in  the 
decade  of  the  nineties  when  the  uranium  supply  is  forecasted  by  AEC  to  be 
short  and  (2)  it  is  far  enough  in  the  future  (15  years)  that  the  Gassaway 
Member  may  be  utilized  as  a  potential  source  of  supply  for  uranium.   One 
percent  is  used  because  projected  estimates  in  the  model  can  be  easily  fac- 
tored to  greater  demand  percentages. 

For  this  model,  only  large  underground  operations  are  considered.  How- 
ever, in  some  instances,  strip  mining  may  be  possible  where  favorable  geologic 
and  environmental  conditions  exist. 
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Methodology  for  Estimating  Land  Disturbance  Parameters 

Projected  estimates  of  tonnages  or  acres  of  the  model  are  determined  by- 
using  the  following  four  variables:   (1)  Average  thickness  of  deposit;  (2)  ura- 
nium content  of  the  shale;  (3)  mining  recovery;  and  (4)  processing  recovery  of 
uranium. 

The  range  of  values  for  these  four  mining  parameters  was  determined  by 

(1)  examining  and  analyzing  geologic  data  presented  in  other  reports  and 

(2)  conferring  with  qualified  experts  in  the  field. 

The  values  in  the  model  for  average  thickness  of  deposit --8,  11,  14,  17, 
and  20  feet --were  determined  by  calculating  the  mean  and  standard  deviation 
for  thicknesses  within  the  study  area.   For  the  uranium  content,  values  range 
from  0.0045  to  0.0065  percent  and  are  determined  by  the  same  method  as  that 
used  for  thickness  of  deposit.   Values  for  mining  recovery,  65  to  85  percent, 
are  speculative  and  based  on  recovery  rates  for  underground  shale  mining 
operations  that  currently  exist  in  other  geographic  areas. 

Selected  processing  recovery  rates  range  from  a  low  of  40  to  a  high  of 
70  percent.   Forty  percent  recovery  is  now  being  achieved  in  laboratory  tests 
conducted  by  the  Bureau  of  Mines  on  the  Chattanooga  Shale  (see  section  on 
Processing  of  Shale) .  With  advances  in  technology,  a  higher  processing 
recovery  may  be  economically  attainable.  Although  70-percent  recovery  has 
been  obtained  in  laboratory  tests,  it  is  well  above  any  known  recovery  rate 
based  on  economics  to  date  and  is  only  presented  here  to  show  possible 
scenarios  in  the  model. 

Besides  the  ranges  of  the  four  mining  parameters,  the  remaining  assump- 
tions in  the  model  are  as  follows: 

1.  One  percent  of  the  estimated  demand  for  UsOa  with  a  30-percent  tails 
assay  in  1991  will  be  approximately  2.1  million  pounds  (about  1.8  million 
pounds  uranium  (33)).   The  medium  forecasted  demand  by  the  AEG  for  UaOa  in 
1991  was  chosen,  so  an  average  amount  of  environmental  disturbance  may  be 
estimated  (in  terms  of  tons  and  acres)  when  trying  to  satisfy  1  percent  of  the 
demand  for  uranium  from  the  Gassaway  Member. 

2.  The  average  density  of  the  Gassaway  Member  is  assumed  to  be 
143.52  pounds  per  cubic  foot,  based  on  a  specific  gravity  of  2.30  (_2)  . 

3.  The  projected  size  of  a  mining  operation  is  6,250,000  tons  per  year 
(or  25,000  tons  per  day  for  a  250-day  year).  Although  most  current  under- 
ground operations  are  not  this  large,  operations  this  size  could  become 
economically  and  technically  feasible.  Large  individual  mining  operations 
would  also  be  consistent  with  the  relatively  large  tonnages  of  shale  required 
to  produce  significant  quantities  of  uranium. 
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Terms  for  the  model  which  derive  the  values  for  the  combinations  in  the 
equations  are  as  follows: 

A  =  Thickness  of  Gassaway  Member  (feet) 

B  =  Uranium  processing  recovery  (percent) 

R  =  Mining  recovery  (percent) 

L  =  Uranium  content  of  shale  (percent) 

M  =  Uranium  recoverable  per  acre  (pounds) 

T  =  Tons  of  recoverable  shale  per  acre 

W  =  Recoverable  uranium  per  ton  of  shale  (pounds) 

Z  =  Acres  of  shale  to  be  mined  (per  year) 

I  =  Tons  of  shale  to  be  mined  (per  year) 

H  =  Number  of  mining  operations  required 

P  =  Acres  to  be  mined  per  year  (per  operation) 

Model 

1.  Tons  of  recoverable  shale  per  acre 

/rpN  _  A«43,560  (square  feet  per  acre)  •143.52  (pounds  per  cubic  foot)   t> 

2,000  (pounds  per  ton) 

2.  Pounds  of  recoverable  uranium  per  ton  of  shale 

(W)  =  L-2,000-B 

3.  Pounds  of  uranium  recoverable  per  acre 

(M)  =  W-T 

4.  Acres  of  shale  to  be  mined  per  year 

/■v")  =  1» 800, OOP  (pounds  per  demand) 

M 

5.  Tons  of  shale  to  be  mined  per  year 

xjx  _  1,800,000  (pounds  per  demand) 

'  W 
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6.      Number   of  rtiining  operations   required 

(H)    = 


6,250,000   tons 

7.  Acres  to  be  mined  per  year  per  mining  operation 

/pN  ^  6,250,000  tons 
T 

Analysis  and  Results  of  Model 

Two  items  which  hold  significant  interest  in  this  model  when  trying  to 
estimate  land  disturbance  are  linear  acres  and  tons  of  the  Gassaway  Member  to 
be  mined  per  year  to  satisfy  1  percent  of  the  domestic  demand  for  uranium  in 
1991.   Even  though  the  acres  to  be  mined  are  underground,  they  are  considered 
a  part  of  the  environmental  impact  to  take  place  because  they  reflect  the 
areal  magnitude  of  the  mining  operations. 

The  total  tons  of  shale  to  be  mined  per  year  (given  a  projected  set 
demand  for  uranium)  is  a  function  of  the  following  two  variables:   (1)  Uranium 
content  of  the  shale  and  (2)  processing  recovery  of  uranium  from  the  shale  (see 
appendix  C) .   The  largest  tonnage  to  be  mined  per  year  is  approximately 
50  million  tons  when  the  uranium  content  is  0.0045  percent  and  the  processing  ' 
recovery  is  only  40  percent.   Eight  mining  operations  would  be  needed  to 
extract  this  tonnage. 

The  condition  under  which  the  fewest  tons  of  shale  (approximately 
19.7  million)  need  to  be  mined  is  when  the  uranium  content  is  0.0065  percent 
and  the  processing  recovery  is  70  percent.  Admittedly,  0.0065  percent  is 
somewhat  high  in  most  areas  for  average  uranium  content  and  a  processing 
recovery  of  70  percent  is  economically  beyond  current  technology  for  such  low 
concentrations.   However,,  the  combination  is  presented  to  show  the  effect  of 
such  a  polar  consideration.   Consequently,  the  number  of  mining  operations 
needed  in  this  example  falls  to  a  low  of  approximately  3.2. 

Two  additional  variables --(1)  mining  recovery  and  (2)  member  thickness, 
along  with  processing  recovery  and  uranium  content --affect  the  total  linear 
acres  to  be  milled.  As  shown  in  the  model,  the  acres  to  be  mined  per  year 
range  from  a  low  of  372  to  a  high  of  3,076.   The  values  for  the  parameters  for 
the  low  acreage  are  a  member  thickness  of  20  feet,  a  uranium  content  of 
0.0065  percent,  a  mining  recovery  of  85  percent,  and  a  processing  recovery 
of  70  percent.  Again,  the  high  and  low  estimates  are  a  result  of  accruing  the 
combinations  of  all  high  and  all  low  values  for  each  parameter,  which  is 
unlikely.   These  polar  estimates  give  a  scenario  for  range  only.   In  reality, 
a  feasible  estimate  of  linear  acres  and  tons  lies  somewhere  between  these 
estimates. 

Local  Land  Disturbance  Impact 

Another  method  of  measuring  the  local  land  disturbance  impact  of  utiliz- 
ing the  Chattanooga  Shale  (Gassaway  Member)  as  a. source  of  supply  for  uranium 
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is  by  comparing  the  magnitude  of  activity  of  such  an  operation  with  the  scope 
of  similar  operations  in  the  same  area. 

In  1972,  approximately  67  million  tons  of  material  was  mined  in  recover- 
ing the  seven  leading  mineral  commodities  produced  in  the  State.   Under  the 
most  ideal  conditions  in  the  model,  20  million  tons  of  shale  representing 
30  percent  more  mining  activity  in  Tennessee  would  result  if  uranium  were 
mined  from  the  Gassaway  Member. 

The  total  land  disturbed  in  mining  coal,  clay,  sand  and  gravel,  phosphate 
rock  and  barite,  all  surface  operations,  was  3,231  acres  in  1973  (30) .^   The 
model  shows  a  range  of  372  to  3,076  linear  acres  disturbed  below  ground. 
However,  in  a  linear  comparison,  the  areal  extent  of  the  mining  operation 
ranges  from  11.1  to  95  percent  of  the  total  surface  operations  now  occurring 
in  the  State.  If  the  Gassaway  Member,  under  the  most  ideal  mining  and  pro- 
cessing conditions,  were  to  supply  10  percent  of  the  total  domestic  demand 
for  uranium  in  1991  then  (1)  the  total  tons  of  material  mined  would  be 
approximately  300  percent  larger  than  the  tonnages  mined  in  1972  and 
(2)  total  acres  mined  would  be  greater  than  the  total  areal  extent  of  these 
same  mining  operations  shown  in  table  3. 

TABLE  3.  -  Selected  mineral  commodities  mined  in  the 

State  of  Tennessee,  1972^ 

Quantity 
(thousand 
short  tons) 

Clays^ 1,718 

Coal  (bituminous) 11,260 

Copper  (estimated  total  tons  of  ore)...  1,616 

Phosphate  rock 2 ,  154 

Sand  and  gravel 10 ,  839 

Stone ; 35,942 

Zinc  (estimated  total  tons  of  ore) 3,391 

Total 66,920 

^Adapted  from  Babiteke,  H.  R. ,  W.  D.  Hardeman,  and 

R.  E.  Hershey.  The  Mineral  Industry  of  Tennessee. 

BuMines  Minerals  Yearbook  1972,  v.  2,  1974, 

pp.  661-677. 
^Excludes  Fuller's  earth. 

In  terms  of  potential  population  exposure,  Tennessee  had  approximately 
100  people  per  square  mile  in  1973  (34) .  For  comparison,  in  the  mountain 
States  of  Montana,  Wyoming,  Colorado,  and  New  Mexico,  from  which  significant 
amounts  of  future  coal,  uranium,  and  oil  shale  are  projected  to  be  mined,  the 
population  per  square  mile  ranges  from  4  to  23.   However,  since  the  exact 
location  of  future  mining  operations  for  oil  shale,  coal,  or  uranium  is  not 
known,  no  precise  conclusions  can  be  reached  at  this  time. 

sNo  data  were  available  for  land  area  disturbed  underground. 
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Comparative  Land  Disturbance  Impact 

On  a  comparative  basis,  energy  balance  and  total  environmental  change 
take  some  degree  of  precedence  in  policy  considerations.   Preliminary 
estimates  by  Holdren  (19)  of  comparative  land  damage  of  utilizing  a  selected 
area  of  strippable  Chattanooga  Shale  versus  surface -mined  eastern  coal 
indicate  that  for  approximately  equivalent  energy  outputs,  3  times  as  much 
overburden  must  be  removed  and  19  times  as  much  land  area  must  be  excavated 
in  the  coal  mining  operation  as  in  the  shale  mining  operation.   Therefore, 
for  specific  areas  on  a  preliminary  energy -balance  basis,  shale  does  not 
fare  badly.  However,  caution  must  be  taken  when  using  these  figures  because 
no  shale  has  been  mined  yet  to  pemiit  reliable  estimates  of  environmental 
impact  and  most  future  shale  mining  operations  are  projected  to  be  by  under- 
ground rather  than  strip  mining  operations. 

RECOMMENDATIONS 

This  report  perused  some  of  the  mining  and  land  disturbance  issues 
raised  by  examining  the  Chattanooga  Shale  as  a  future  source  of  supply  for 
uranium.  Large  resources  of  uranium  do  exist  in  the  Gassaway  Member,  and 
technically,  can  be  obtained  in  some  degree  by  current  mining  and  processing 
methods.  With  advances  in  technology,  progress  may  be  made  in  the  economic 
recovery  of  uranium  from  the  Gassaway  Member.  However,  major  inquiries  about 
the  comparative  cost  to  society  of  utilizing  the  Gassaway  Member  as  a  source 
of  future  energy  supply  are  essential. 

Major  areas  for  further  study  are  as  follows: 

1.  An  investigation  into  the  net  change  in  energy  balance  that  will 
occur  if  and  when  lower  grade  ores  (60  ppm  rather  than  2,000  ppm  uranium) 
are  used  as  a  source  of  nuclear  fuel.   Currently,  steady-state  Light  Water 
Reactors  (LWR)  have  an  energy  input -output  ratio  of  approximately  1  to  15  when 
using  uranium  derived  from  high-grade  deposits.   If  the  Gassaway  were  utilized 
(60  ppm  uranium)  in  the  absence  of  more  economical  uranium  deposits,  this 
ratio  would  change.  A  preliminary  study  is  needed  to  determine  the  increased 
amount  of  energy  input  needed  to  mine,  mill,  and  process  the  Chattanooga  Shale 
versus  higher  grade  deposits  and  analyze  how  this  would  affect  the  energy 
ratio  of  LWR's. 

2.  Amplification  of  the  existing  analytical  data  base  (analyses  for 
uranium  and  oil  or  other  possible  byproducts) . 

a.  Core  obtained  by  previous  drill  investigations  (splits  are  in 
storage  at  the  Bureau's  core  library)  should  be  reanalyzed  for  con- 
stituents other  than  uranium  and  oil. 

b.  Cooperative  agreements  with  industry  should  be  initiated  to 
analyze  sections  of  the  shale  penetrated  during  industry's  exploratory 
core  drilling  for  other  commodities  (such  as  lead  or  zinc) . 

c.  Further  evaluation  of  the  vast  areas  for  which  no  analytical  data 
currently  exist  would  require  additional  drilling  and  core  analyses. 
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3.  Evaluation  of  processing  techniques  applicable  to  low-grade  deposits 
such  as  the  Chattanooga  Shale  and  designed  to  include  in  situ  recovery. 

4.  Method  and  rate  of  utilization  of  lower  grade  energy  supply  sources. 
For  example,  should  low-grade  uranium  resources  be  used  as  a  supplement  and/or 
replacement  for  conventional  energy  sources  (coal,  oil,  gas)  and  what  impact 
would  such  rates  of  implementation  have  environmentally  on  the  land  areas 
disturbed? 

5.  Examining  the  socioeconomic  ramifications  of  using  an  area  such  as 
Tennessee  as  a  major  supplier  of  energy  replacing  the  national  role  played 
by  fossil  fuels. 

Further  work  on  the  Chattanooga  Shale  should  concentrate  on  developing 
more  geologic  data  on  the  formation,  estimating  net  energy  balances,  and 
determining  the  sociological  and  environmental  impact  that  will  occur  if  the 
shale  is  to  be  mined  and  processed  for  its  uranium. 
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TABLE  A-2. 


Sample  data,  uranium  content,  and  oil  yield  of  the  Maury  Formation  and 
Dowelltoim  Member,  Chattanooga  Shale 


No. 

Maury  Formation 

Dowel Itown  Member,  Chattanooga  Shale 

Locality 

Thickness, 
feet 

As  say  I.' 

Referencel.' 

Thickness, 
feet 

AssayZ/ 

This  report 

Fieldl/ 

Uranium, 

Oil, 

Uranium , 

Oil, 

Referencel/ 

percent 

gal/ton 

percent 

gal/ton 

13 

13B-1 

... 

— 

-._ 

._ 

11.00 

0.0037 

... 

29 

16 

13F-9 

0.7 

0.006 



29 





— 

-- 

19 

NV-53 

1.10 

.0030 

--- 

29 

4.06 



--- 

6 

21 

NV-54 

1.61 

.0016 



29 

13.49 



.-. 

6 

26 

NV-55 

1.63 

.0006 

.__ 

29 

15.92 



... 

29 

28 

NV-56 

1.42 

.0013 

... 

6 

13.15 

.0009 

6.5 

27 

30 

NV-62 

.88 

.0022 



29 

8.05 

--- 

... 

6 

33 

NV-57 

1.00 

.0020 



6 

10.69 

--- 

-.. 

6 

36 

NV-58 

.30 

.0017 



29 

12.34 

.0012 

--- 

6 

43 

NV-61 

3.27 

.0005 



29 

5.86 

.0011 



6 

46 

NV-59 

.33 

.0002 



29 

3.31 



--- 

6 

50 

14L-5 

2.00 

.0025 

2.9 

27 

5.41 





6 

51 

NV-60 

2.75 

.0007 



29 

3.67 

.0020 

--- 

6 

54 

T-81 

.75 





32 

2.90 

.0027 

... 

32 

55 

15N-12 

1.35 





32 

1.18 

.0021 

--- 

32 

60 

14M-14 







-- 

6.92 

.0013 

.-- 

6 

61 

14M-9 

2.00 





32 

4.98 

.0010 

--- 

6 

62 

14M-16 

1.20 





32 

4.00 

.0016 

--- 

6 

65 

14M-8 

--_. 





-- 

5.50 

.0018 

--- 

6 

71 

YB-51 

1.30 

.0011 



6 



--- 

-- 

72 

13M-23 

2.69 

.0042 

3.7 

27 

9.58 

--- 

--- 

11 

75 

13L-22 

3.19 

.0013 



27 

11.33 

.0023 

--- 

U 

80 

YB-52 

2.17 

.0047 



6 

13.06 

._- 

--- 

6 

81 

13M-7 

2.10 

.0022 

6.1 

27 

10.96 



--- 

11 

82 

T-93 

1.50 





32 

11.50 

.0018 

—  - 

32 

83 

13L-11 

4.45 

.0024 

1.4 

27 

14.12 



... 

11 

84 

13M-10 

1.50 

.0020 



11 

14.56 

.0019 

--. 

11 

85 

13M-1 

2.70 

.0019 

11.0 

27 

13.62 

--- 

--- 

11 

86 

13M-5 







-- 

14.93 

.0019 

-.- 

11 

95 

LC-34 

1.34 

.0040 

_-- 

11 

13.02 



--- 

11 

99 

YB-33 

3.10 

.0003 

... 

6 

13.33 



--- 

6 

100 

YB-34 

3.43 

.0004 



6 

13.77 

-_- 

--- 

6 

101 

YB-35 

3.19 

.0020 



6 

13.91 

.._ 

--- 

6 

102 

YB-36 

3.06 

.0008 



6 

13.67 



--- 

6 

105 

YB-28 

3.20 

.0005 



6 

13.73 





6 

107 

YB-27 

2.94 

.0011 

.-. 

6 

14.09 

--- 

--- 

6 

108 

YB-29 

3.90 

.0005 

--- 

6 

14.62 

--- 

--- 

6 

110 

YB-26 

2.92 

.0008 



6 

14.04 





6 

111 

YB-30 

2.45 

.0015 



6 

14.25 



--- 

6 

112 

YB-31 

1.97 

.0028 



6 

14.53 



--- 

6 

113 

YB-25 

2.25 

.0015 



6 

13.87 



--- 

6 

114 

LC-15 

.50 

.0034 

.5 

27 

15.08 

.0038 

--- 

11 

115 

YB-39 

3.77 

.0006 

--- 

6 

15.29 

.0018 

--- 

6 

117 

YB-24 

2.41 

.0004 



6 

14.85 



--- 

6 

118 

YB-32 

2.08 

.0016 

... 

6 

15.22 

--- 

--- 

6 

119 

LC-103 

.50 

.0020 

--- 

6 

15.40 

.0019 

4.4 

6 

120 

LC-105 

1.25 

.0010 



11 

15.45 

.0019 

5.8 

6 

121 

YB-20 

2.27 

.0021 

--- 

6 

14.95 

--- 

—  - 

6 

122 

YB-23 

2.50 

.0009 



6 

15.55 



--- 

6 

123 

YB-22 

2.28 

.0008 



6 

15.85 



--- 

6 

124 

YB-19 

1.80 

.0015 

_-. 

6 

15.36 

--- 

--- 

6 

125 

YB-18 

2.26 

.0002 



6 

15.85 

--- 

--- 

6 

126 

YB-21 

2.03 

.0009 



6 

15.34 





6 

128 

LC-17 

1.97 

.0020 



11 

15.24 

.0050 

--- 

11 

129 

YB-17 

2.26 

.0007 

--- 

6 

15.52 



--- 

6 

130 

YB-14 

2.07 

.0007 



6 





--- 

-- 

131 

YB-16 

1.60 

.0005 



6 

15.52 

.0017 

--- 

6 

132 

LC-30 

1.88 

.0020 

... 

11 

12.78 

.0031 

--- 

11 

.133 

YB-15 

2.05 

.0010 

--- 

6 

15.30 

.0019 

--- 

6 

See  footnotes  at  end  of  table. 
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TABLE  A-2. 


Sample  data,  uranium  content,  and  oil  yield  of  the  Maury  Formation  and 
Dowelltown  Member,  Chattanooga  Shale--Continued 


No. 

Maury  Formation 

Dowelltown  Member,  Chattanooga  Shale 

Locality 

Thickness, 
feet 

As say 2/ 

Reference^/ 

Thickness, 
feet 

Assayl/ 

This  report 

Field!/ 

Uranium, 

Oil, 

Uranium, 

Oil, 

Reference^' 

percent 

gal/ton 

percent 

gal/ton 

137 

YB-9 

1.43 

0.0009 



6 

15.35 

... 



6 

138 

YB-10 

1.92 

.0018 

.-- 

6 

15.42 

0.0018 

— 

6 

139 

YB-13 

1.51 

.0023 

— 

6 

13.50 

— 

— 

6 

140 

YB-11 

1.65 

.0007 

— 

6 

16.91 

.0019 

— 

6 

141 

YB-12 

1.34 

.0003 

— 

6 

16.71 

.0018 

... 

6 

142 

T-12 

1.55 



— 

32 

19.15 

.0011 

— 

32 

143 

YB-7 

1.01 

.0030 

— 

6 

17.33 

.0019 

— 

6 

144 

YB-6 

1.48 

.0011 

— 

6 

16.90 

.0019 

... 

6 

145 

LC-SO 

1.80 

.0030 

— 

11 

17.81 

.0033 

... 

11 

146 

YB-4 

1.77 

.0008 

— 

6 

18.16 

.0016 

— 

6 

147 

YB-3 

1.43 

.0013 

— 

6 

16.07 

.0019 

— 

6 

148 

YB-2 

1.45 

.0004 

... 

6 

17.00 

.0031 

... 

6 

149 

YB-1 

1.57 

.0024 

-.- 

6 

17.45 

.0021 

... 

6 

150 

LC-1 

1.20 

.0020 

... 

11 

15.70 

.0031 

--- 

11 

151 

LC-56 

2.15 

... 

— 

32 

15.30 

.0023 

... 

32 

152 

LC-2 

.90 

.0020 

— 

11 

16.64 

.0037 

... 

11 

153 

LC-10 

2.06 

.0020 

— 

11 

14.50 

.0026 

— 

11 

154 

LC-102 

.75 

.0023 

0.7 

27 

15.35 

.0017 

5.1 

27 

155 

LC-55 

1.80 

... 

-.- 

11 

15.50 

.0019 

... 

32 

156 

LC-4 

1.12 

.0020 

... 

11 

16.54 

.0038 

... 

11 

157 

YB-38 

1.28 

.0005 

... 

6 

17.28 

.0017 

... 

6 

158 

LC-6 

.95 

.0040 

... 

11 

17.37 

.0035 

11 

160 

LC-33 

1.37 

--- 

... 

11 

16.90 

.0043 

11 

161 

YB-40 

2.93 

.0013 

... 

6 

17.60 

.0020 

... 

6 

163 

YB-37 

1.35 

.0018 

... 

6 

16.66 

.0019 

4.1 

6 

165 

LC-U 

2.03 

.0040 



11 

8.19 

.0025 



11 

166 

LC-113 

--- 

... 



-. 

10.40 

.0013 

3.8 

27 

168 

WR-50 

2.70 

.0007 

... 

6 

13.85 

.0015 

... 

6 

169 

12Q-1 

1.60 

.0020 



11 

7.40 

.0053 

... 

11 

172 

WR-49 

2.57 

.0003 



6 





... 

-- 

175 

WR-48 

2.56 

.0004 



6 





... 

— 

177 

WR-47 

2.71 

.0013 



6 





— 

179 

lOM-1 

2.00 

.0120 



11 

8.00 

... 

6 

180 

YB-46 

1.42 

.0020 

--- 

6 

15.79 
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... 

6 
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YB-42 

2.53 

.0006 



6 

14.64 

.0018 

... 

6 
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RC-6 

2.40 

... 

32 

15.30 

.0024 

... 

32 

191 

YB-41 

3.57 
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6 

13.42 

.0022 

... 

6 

195 

RC-3 



-.- 



-- 

16.29 
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... 

6 

200 

YB-44 

2.45 

.0015 

6 

14.66 

.0020 

3.5 

27 
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lOK-4 

.-- 

--. 

.- 

6.27 
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... 

11 
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lOJ-8 

--- 

... 



-- 

5.05 

.0026 

... 

11 
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YB-45 

.95 

.0017 



6 

--. 

... 

— 

219 

AL-64 

4.60 

.0004 



15 

7.40 

.0019 

1.2 

6 

220 

AL-6S 

6.10 

.0014 



29 

... 

... 

... 

-- 

221 

AL-66 

2.24 

.0025 

.  .    .  . 

29 

8.95 

.0016 

... 

6 
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Locality  numbers  assigned  by  original  investigators.   Digits  preceded  by  the  letter  "T"  refer  to  localities 
investigated  by  the  Department  of  Geology  and  Geography,  University  of  Tennessee,  Knoxville,  Tenn.  All  other 
localities  investigated  by  the  U.S.  Geological  Survey. 

Assay  values  are  weighted  means. 

Only  one  reference  listed  for  each  locality.  Data  may  be  found  in  more  than  one  reference.   See  list  of 
references  on  p.  38  of  this  report. 


Locality  cross-reference  list 


Locality  No. 


This 
report 


Locality  No. 


Locality  No. 


Locality  No. 

Field  This 

report 

T-317 193 

T-321 194 

T-335 199 

T-387 202 

T-390 201 
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YB-11 ■ 140 
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FIGURE  A-1.  -  Sample  localities  in  Tennessee  and  adjacent  areas. 
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TABLE  B-4.  -  Comparison  of  thorium  to  uranium  and  oil  in  the  Maury  Formation 

and  Chattanooga  Shalei.' 


Locality 

No, 

Unit2/, 

Thickness, 
feet 

Thorium, 
percent 

Uranium, 
percent 

Oil, 

This  report 

Field 

gal/ton 

28 

NV-56 

M 

1.42 

0.00115 

0.0013 

- 

G 

9.67 

.00082 

.0056 

7.7 

D 

13.15 

.00105 

.0009 

6.5 

71 

YB-51 

G 

16.89 

.00076 

.0050 

- 

163 

YB-37 

G 

17.43 

.00092 

.0057 

8.1 

D 

16.66 

.00114 

.0019 

4.1 

168 

WR-50 

M 

2.70 

.00120 

.0007 

_ 

G 

21.04 

.00103 

.0070 

1.9 

D 

13.85 

.00125 

.0015 

- 

172 

WR-49 

M 

2.57 

.00130 

.0003 

_ 

G 

17.97 

.00111 

.0058 

3.3 

180 

YB-46 

G 

16.40 

.00072 

.0066 

. 

D 

15.79 

.00101 

.0018 

- 

200 

YB-44 

G 

14.80 

.00074 

.0065 

5.0 

D 

14.66 

.00096 

.0020  • 

3.5 

219 

AL-64 

G 

11.95 

.00084 

.0044 

.7 

D 

7.40 

.00106 

.0019 

1.2 

1/  Assay  values  are  weighted  means.  Thorium  analyses  from  Brown  (6) 

Uranium  and  oil  values  provided  for  comparison  purposes  and  referenced 
in  table  A-1,  appendix  A. 

2/  Unit  designations:  M,  Maury  Formation;  G,  Gassaway  Member,  and  D, 
Dowelltown  Member,  Chattanooga  Shale. 


60 


LEGEND 

• 

Drill     hole 

* 

Outcrop 

200 

Locality    numbers 

Scale,  miles 


1 


-\.\ 


.CaL 


j-xi-^— ! 


—7 
J- 1 

\ j 


FIGURE  B-1.  -  Sample  localities  in  Tennessee  and  adjacent  areas. 
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